Abstract The objective of this study was to investigate the range of motion (ROM) of the knee before and four years after total knee arthroplasty (TKA) with a mobile or fixed type of platform and to prospectively evaluate whether there was a difference in ligament balance between the platform types. The subjects were 68 patients involving 76 joints. The mobile type was used in 31 joints and fixed type in 45 joints by employing a prospective randomised method. The passive maximum ROM was measured using a goniometer before and four years after surgery. Also, the intraoperative knee ligament balance was measured. The postoperative extension ROM was significantly improved after TKA using a mobile bearing type compared with that employing a fixed bearing type. In TKA using the former, the intraoperative gap difference was not related to the postoperative flexion angle of the knee. However, they were related in TKA using a fixed bearing type, with a positive correlation regarding the flexion gap.
Introduction
The objectives of total knee arthroplasty (TKA) are the alleviation of joint pain on standing and walking and consequent improvement in the activities of daily living (ADL), and reports of its effectiveness are numerous [3, 10, 13, 17] . However, the range of motion (ROM) of the knee is often reduced after TKA compared with the preoperative range, and this may restrict postoperative ADL. Therefore, there have been a number of reports on factors affecting the ROM of the knee after TKA. Among them, the preoperative ROM has a major effect, and patients with a good preoperative ROM have been reported to show good motion postoperatively [12] . Various other factors including the design of the prosthesis [8, 14] , ratio between the patella and patellar tendon lengths [7] , femoral posterior condylar offset [2, 5] and posterior cruciate ligament (PCL) stiffness [9, 18] have also been evaluated.
Recently, mobile bearing TKA, in which the platform rotates or moves anteroposteriorly, has been devised, and its clinical results are under discussion [6, 16] . The background to the introduction of this mobile type TKA arises from demands for the reduction of wear-associated debris along with the stabilisation of long-term outcomes and improvement in the flexion range of the knee [4] . However, as it has a short history of clinical application, the long-term results of this treatment, such as the frequency of loosening, remain unclear. Nor has there been a report involving a randomised comparative study between the fixed and mobile types, and the effectiveness of the mobile type is still unclear.
One of the adverse events early after mobile bearing TKA is the spinning out of the platform [11] . This condition is more likely to occur in patients with a loose balance between the varus and valgus ligaments in TKA. Appropriately balancing the varus and valgus ligaments is a basic point requiring caution in TKA, but as there is no agreed standard, it largely depends on the experience of each orthopaedic surgeon. Moreover, there has been no report in which the intraoperative ligament balance was quantitatively evaluated, and its relationship with the postoperative clinical results has not been sufficiently assessed, according to our search of the literature.
The objective of this study was to investigate the ROM of the knee before and four years after TKA with a mobile or fixed type of platform and to prospectively evaluate whether there was a difference in ligament balance, which was quantitatively evaluated during surgery, between the platform types.
Materials and methods
The study was based on a prospective randomised design. The subjects were 68 patients involving 76 joints who consented in advance. The target disease was limited to osteoarthritis of the knee, because rheumatoid arthritis often causes problems in joints other than the knee, and they were considered to affect the ROM of the knee. The patients were aged 56-81 years (mean: 68.4 years) and consisted of 19 men and 49 women. TKA was performed using the P.F.C. (DePuy Orthopaedics Inc., Warsaw, IN, USA) in all patients. Choice of the mobile or fixed type of platforms was decided preoperatively by a prospective randomised method using computer-generated random numbers. As a result, the mobile type was used in 31 joints (group M) and fixed type in 45 joints (group F). Osteotomy was performed using the independent cut method, and the PCL was conserved in all patients.
The passive maximum ROM of the knee was measured using a goniometer before and one and four years after surgery. The intraoperative knee ligament balance was measured according to previous reports [1, 15] . The joint gap (GAP) with the patella reversed was measured with a knee extension of 0˚and flexion of 90˚using a knee balancer (DePuy Orthopaedics Inc., Warsaw, IN, USA) ( Fig. 1) . A joint distraction force of 80 N was applied, and the GAP was measured in the spaces at the osteotomy sites on the medial and lateral sides of the joint. The GAP at 90f lexion minus the GAP at 0˚extension was calculated as the GAP difference.
A nonparametric method, the Mann-Whitney U test, was used to calculate statistical differences between unpaired groups. The two-tailed Student's t test was used for comparisons within and between the groups, and Pearson's correlation coefficients were calculated. All statistical procedures were performed using StatView software. The level of significance was <0.05.
Results
The ROM of the knee improved in extension after TKA. It improved from a preoperative mean of −11.7±15.2˚to a postoperative mean of 0.3±3.2˚in group M at one year postoperatively. In group F, the extension angle also improved significantly one year after surgery. In both groups, the ROM of the knee did not change at four years after TKA. The improvement in the extension range was particularly notable in group M and was significantly greater than in group F. However, the postoperative flexion angle showed no improvement compared with the preoperative level in groups M or F (Table 1) .
Concerning the relationship between the GAP difference and flexion range, no significant correlation was observed in group M at one year postoperatively. As shown in Fig. 2 , the correlation coefficient between the medial GAP difference and change in the flexion angle between before and after surgery was 0.23, showing no correlation. That between the lateral GAP difference and change in the flexion angle between before and after surgery was 0.21, also revealing no correlation (Fig. 3) . Also, there was no correlation between the GAP difference and flexion range at four years postoperatively. In group F, however, a positive correlation was observed between the medial GAP difference and change in the flexion angle with a correlation coefficient of 0.51 at one year postoperatively. This indicates that the postoperative knee flexion angle tends to increase compared with the preoperative angle in patients with a large medial GAP difference (Fig. 4) . The correlation coefficient between the lateral GAP difference and change in the flexion angle was 0.54, indicating an even closer correlation (Fig. 5) . Also, a significant correlation was found between the GAP difference and flexion range at four years postoperatively.
Discussion
Various factors that may affect the ROM of the knee after TKA including the preoperative ROM of the knee [12] , a high patellar position (Insall-Salvati ratio) [7] , intraoperative ligament balance [18] , femoral posterior condylar offset [2, 5] and PCL stiffness [9] have been evaluated. This study showed that mobile bearing TKA does not significantly contribute to an improvement in the postoperative knee flexion range. However, the extension range improved significantly after mobile bearing TKA compared with the preoperative extension range, maintained four years postoperatively. In addition, the improvement in the extension range was more notable after mobile bearing than after fixed bearing TKA. The patients were followed up for four years after surgery, and whether these results persist Medial Gap (mm) F l e x i o n R a n g e D i f f e r e n c e ( d e g r e e ) Lateral Gap (mm) Flexion Range Difference (degree) Fig. 3 The correlation coefficient between the lateral GAP difference and change in the flexion angle between before and after surgery was 0.21, showing no correlation for longer is unclear. However, mobile bearing TKA appears to be a recommendable option to facilitate consistent improvements in the postoperative ROM.
Dislocation of the bearing has been reported as an adverse event after mobile bearing TKA. Ridgeway et al. described 25 cases of early bearing dislocation and reported joint instability during TKA as its cause [11] . In our study, the improvement in the knee flexion angle after mobile bearing TKA was not correlated with the intraoperative ligament balance at one to four years postoperatively. This suggests that manipulations to improve the postoperative flexion range such as increasing the flexion gap are unnecessary in mobile bearing TKA. Instead, spin out may be prevented by placing the bearing so as to equalise the extension and flexion gaps and control joint instability. In contrast, no dislocation of the bearing occurs in fixed bearing TKA. The postoperative flexion range may be increased by setting a slightly wider flexion gap. However, follow-up studies are necessary to evaluate the effects of this manipulation on the postoperative wear of polyethylene and long-term joint stability.
The following conclusion was derived from the results of this prospective study of TKA using a mobile or fixed bearing type. The postoperative extension angle of the knee was significantly improved after TKA using a mobile bearing type compared with that employing a fixed bearing type. In mobile bearing TKA, the intraoperative gap difference was not related to the postoperative flexion angle of the knee. However, they were related in TKA using a fixed bearing type, with a positive correlation regarding the flexion gap.
